Introduction
============

Clinical trials have a central role in terms of providing evidence to support oncologic treatments. In the USA, the National Cancer Institute (NCI) National Clinical Trials Network has estimated that between 19,000 and 20,000 patients enrolled in clinical trials in 2016, and the number of participants in the European Union has substantially increased over the past decade (revision of the "Clinical Trials directive", 2011).[@b1-ppa-12-443] Informed consent is an important part of the enrollment process. Ethical aspects related to informed consent include the completeness and adequacy of the information provided. An extensive body of literature has demonstrated that many people do not understand the detailed information contained in informed consent forms and therefore are also to some extent unaware of the risks incurred by their exposure to the treatments.[@b2-ppa-12-443]--[@b8-ppa-12-443] Comprehension of and satisfaction with informed consent forms are, in general, particularly limited in the case of people with a lower standard of secondary education, even when simple language is used.[@b9-ppa-12-443]--[@b11-ppa-12-443]

Deciding to take part in a clinical trial is an individual choice. However, participation rates in clinical trials for cancer treatments are affected not only by a patient's attitudes toward the trial but also by the organizer's ability to communicate with the patient.[@b12-ppa-12-443]--[@b14-ppa-12-443] A variety of strategies such as short films, phone- or web-based decision aiding tools, and supplementary discussions with a member of the research team who is not a physician have been proposed as a way of improving patient knowledge and increasing their understanding of informed consent forms.[@b15-ppa-12-443]--[@b25-ppa-12-443] In any case, it has been generally acknowledged that it is necessary to develop strategies to improve the communication skills of the organizers of clinical trials.[@b9-ppa-12-443],[@b16-ppa-12-443],[@b26-ppa-12-443]

From cognitive dimensions to communication: the role of opposites
-----------------------------------------------------------------

The way in which information is presented for the purposes of informed consent, and in doctor--patient communication in general, usually ignores the fact that humans perceive,[@b27-ppa-12-443]--[@b32-ppa-12-443] conceptualize,[@b33-ppa-12-443]--[@b35-ppa-12-443] and linguistically describe[@b36-ppa-12-443]--[@b38-ppa-12-443] their experiences in terms of opposites.

It has been widely acknowledged that opposites have a special status in human cognitive organization. They play a significant role in the mental lexicon and are intuitively and naturally understood and learnt.[@b39-ppa-12-443]--[@b43-ppa-12-443] They are primal schemas in cognitive development,[@b44-ppa-12-443]--[@b48-ppa-12-443] and they constitute a primal relation in the perceptual experiences of adults.[@b28-ppa-12-443],[@b49-ppa-12-443]--[@b51-ppa-12-443]

Given that opposites are primal and pervasive in direct experiences and natural language, our hypothesis is that they might also enhance the comprehension of information provided in a diagnostic context. If naïve subjects naturally process information in terms of polarized dimensions, they might also re-elaborate in terms of opposites what a doctor is saying. This would mean, for example, that when a doctor conveys information concerning the extent of an area affected by a disease in terms of centimeters, patients might carry out a real-time transformation in their minds in terms of small (at various gradations) versus big (at various gradations). Similarly, when information concerning the number of treatment sessions that are required or the duration of the treatment or the number of instances when serious side effects occur is given, patients might recode these pieces of information in terms of few--many sessions, long--short duration, and rare--common incidences of serious side effects, respectively. If this is the picture that they mentally establish while listening to the doctor, it will probably also be the internal mind-set they will use to re-narrate the situation to themselves and to their relatives and friends, thus consolidating this mental representation. The latter is, of course, a hypothesis that can and should be tested experimentally. In the context of this study, we take this hypothesis as a general framework and will also test some related hypotheses. But before presenting these in detail, we want to clarify that in this paper, when we speak of bipolar dimensions or opposites, we do not mean binary dimensions or binary oppositions (ie, dimensions formed by only two values). From a perceptual and cognitive point of view, bipolar dimensions are usually mentally graded at one or both poles, and in most of the cases, there are also intermediate experiences that are identified as being "neither one pole, nor the other", for example, neither big nor small, neither long nor short, neither painful nor pleasant, etc.[@b27-ppa-12-443],[@b29-ppa-12-443]--[@b31-ppa-12-443] In this sense, opposites are not simplistic structures that cannot support intensity gradations. As such, they do not contrast the modulated communication required in oncological diagnoses; they simply locate these modulations in a polarized frame which is more natural and therefore easier to understand.

The study
=========

Aims
----

To the best of our knowledge, the present study is the first to evaluate the role of opposites in modeling the understanding of medical information. Specifically, using a simulated oncologic diagnostic context, we investigated how a person's perception of his/her health condition and the risks and commitment relating to any treatment required varies when information is communicated using opposite terms (eg, rare--common, small--big) as opposed to unipolar linguistic structures (see below the two different types of unipolar structures commonly associated with "4-item configurations" and "3-item configurations"). If a doctor talks of a small--large nodule (ie, a bipolar structure) instead of talking in terms of centimeters (ie, a unipolar structure) or of common--rare side effects (ie, bipolar) instead of talking of the number of people who suffer a particular side effect (ie, unipolar), how does this impact on the patient's understanding?

In particular, we will investigate the following: Any changes in the patient's perception of being healthy versus ill, at low versus high risk, and feeling slightly versus maximally committed to the treatment when information is provided with as compared to without reference to opposites.Any differences between the two cases in the overall satisfaction with how the information was communicated and in self-reported levels of understanding.

Since clear understanding of the situation is essential not only for ethical reasons but also to guarantee the patient's conscious involvement in all the phases of the treatment, higher ratings of self-reported understanding and satisfaction with how the information is conveyed will be regarded as desirable results. Similarly, since the patient's active engagement is considered essential in cases of oncologic diseases in terms of facing the situation and making decisions regarding the treatment, enhancing the person's "arousal" (within a reasonable range) has to be considered desirable.

Methods
-------

### Preliminary phase

A set of basic information to be communicated was defined, and two questionnaires to be used in the main research phase were created.

Using inter-observation sessions (with a total of 22 hours of inter-observation), three experts (U Savardi, I Bianchi and R Burro, all authors of this paper) analyzed the contents of various standard informed consent forms and studied a series of videos produced by the psychology department and medical staff of the National Cancer Institute CRO (Aviano, Italy). These videos simulate typical, realistic dialogues between doctors and patients in diagnostic and follow-up settings. The "patient" was an adult female (an actress) who interacted with 10 real doctors (employed at the CRO Institute) in various role-play settings corresponding to first diagnosis, treatment, and follow-up. The videos were judged by the members of the research group working in the CRO institution (Drs M A Annunziata and P De Paoli) to be highly realistic in that they represented typical conversations. The analysis revealed a systematic lack of attention with regard to whether information was conveyed using bipolar or unipolar structures. Other aspects were clearly important to the doctors as seen in the videos, such as their desire to convey information concerning the patient's situation and the proposed treatment and to establish the right empathic approach with a view to actively involve patients in the decision-making process. But the two types of structure (bipolar and unipolar) varied randomly within the conversations.

A list of statements were drawn up by the three experts, which included the various types of information frequently referred to by the doctors and enquired about by the patients in the videos in addition to the information found in standard informed consent forms. In order to establish a set of stimuli, corresponding versions of each piece of information were created following two criteria as described below using the terms "4-item configuration" and "3-item configuration". These correspond to the two alternative ways in which one can give information without mentioning opposites. For example, instead of saying that "the tests revealed the existence of a large nodule" or "of a small nodule", that is, communicating by means of opposites, the doctor might report the size of the nodule in centimeters (in this way to avoid any references to opposites) or he/she might simply say that "the tests revealed the existence of a nodule", without mentioning the size, and again avoiding any references to opposites. But in the latter case, by not providing any information which would shift the balance toward one or the other pole, the communications remains -- at least in theory -- in a neutral position.

**1. 4-item configuration** ([Figure 1A](#f1-ppa-12-443){ref-type="fig"}). For each two bipolar item, there were two items expressing the same information using a unipolar scale, hence the term "4-item configuration". For example, the two items with information concerning the size of a nodule which are expressed in bipolar terms by means of small--large (eg, "The medical tests have revealed the presence of a small nodule"; "The medical tests have revealed the presence of a large nodule") were expressed in centimeters in the corresponding unipolar version (eg, "The medical tests have revealed the presence of a nodule of 1 cm"; "The medical tests have revealed the presence of a nodule of 7 cm"). Information concerning survival rates which was expressed in terms of high--low in the bipolar version (eg, "There are low survival rates associated with this disease"; "There are high survival rates associated with this disease") was expressed in percentages in the unipolar version (eg, "There is a 30% survival rate associated with this disease"; "There is a 70% survival rate associated with this disease"). The incidence of the disease in the population which was expressed in bipolar terms by rare--common (eg, "The nodule that you have is rare"; "The nodule that you have is common") was expressed in the unipolar version as a proportion (eg, "The nodule that you have affects 1 in a million people"; "The nodule that you have affects 1 in a thousand people").

**2. 3-item configuration** ([Figure 1B](#f1-ppa-12-443){ref-type="fig"}). This is again a unipolar communication in that any references to either of the two poles is avoided. For example, the doctor informs the patient about the existence of a nodule ("The medical tests have revealed the presence of a nodule") without specifying whether the nodule is benign or malignant. Similarly, the presence of side effects associated with the treatment is mentioned without any statement concerning whether the side effects are minor or severe ("The standard treatment for this tumor produces side effects"). Here we see that there is a single item in the unipolar version and two items in the bipolar version, hence the term "3-item configuration".

Two different questionnaires were drawn up from this list of items, one containing only information expressed using unipolar structures (from now on, UNI) and comprising 34 items (20 items belonging to the 4-item configuration and 14 items belonging to the 3-item configuration) and the other containing only information expressed using bipolar structures (from now on, BIP) and comprising 48 items (20 items belonging to the 4-item configuration and 28 items belonging to the 3-item configuration).

The two sets of items are presented in [Table S1](#SD1-ppa-12-443){ref-type="supplementary-material"}. The issues addressed concerned the nature of the disease, the characteristics of the treatment, and the quality of life to be expected during and after treatment. In the BIP version, the statements included: For the disease (nodule): small--large, benign--malignant, localized--widespread, common--rare, slow--quick progressing, high--low genetic predisposition, easy--hard to treat, high--low survival rates.For the treatment: definitive--palliative, high--low efficacy, advisable--necessary, short--long duration, one--many cycle(s), outpatient--inpatient (hospitalization), high--low probability of side effects, minor--severe side effects, immediate--delayed onset of side effects, temporary--permanent duration of side effects.For the quality of life: autonomous--assisted living during the treatment, autonomous--assisted living after the treatment, invariant--changed lifestyle during the treatment, invariant--changed lifestyle after the treatment, yes--no effect on the ability to work during the treatment, yes--no effect on the ability to work after the treatment.

### Main phase

The two questionnaires (UNI, BIP) were presented individually to two different groups of Italian participants.

A hypothetical scenario was described in the instructions:

"Imagine that your doctor has recommended that you have some medical tests at a center specialized in oncologic diagnosis in order to ascertain whether or not you have a health problem. You have done the tests and now you are talking to the doctor who tells you what the situation is.

During the interview, he/she gives you various pieces of information. Express your judgment of each piece of information received in terms of how healthy--ill you arehow high--low the risks involved in the treatment arehow high--low the commitment required by the treatment will be".

Three ratings were given by participants using three continuous bipolar scales (100 mm long) which were defined at the extremes by the following labels: completely healthy--extremely ill (referring to the perception of the state of health, from now on H); zero risk--extremely high risk (referring to perception of risk, from now on R); low commitment--high commitment (referring to the perception of the commitment required by the treatment, from now on T).

Participants were instructed to consider each piece of information individually, in isolation from the previous statements and not cumulatively. "For example, if one sentence says something about the size of the nodule (eg, it's small) and then the following sentence says something about whether it is benign/malignant (eg, it's malignant), do not add this second piece of information to the first (ie, the doctor was saying that you have a small malignant nodule)".

At the end of the questionnaire, participants were asked to rate (using a scale from 0% to 100%) how far they had understood the information provided ("How much of the information provided by the doctor do you think you understood?") and their overall satisfaction regarding the clarity of the communication ("How satisfied are you with the clarity of communication?").

Participants
------------

A total of 470 Italian undergraduate students and adults were divided into two groups: 235 participated in the BIP condition, with the bipolar questionnaire (136 female and 99 male participants; mean age: 26.3 years, SD =8.44) and 235 participated in the UNI condition, with the unipolar questionnaire (143 female and 92 male participants; mean age: 25.5 years, SD =9.21). The study complied with the Helsinki ethics protocol and was approved by the Ethics Committee of the University of Verona (where the data were collected). Participants volunteered in the study. They were recruited in non-medical university faculties (in libraries, study halls, and the campus) and randomly assigned to one of the two conditions. Written informed consent was provided by each participant.

Statistical analyses
--------------------

Responses were analyzed using mixed-effect models,[@b52-ppa-12-443] with Gaussian family and identity link functions. In cases involving significant main effects or interactions, post hoc tests using the Bonferroni correction were conducted and estimates of the nonstandardized size of the effect (EST, ie, the regression coefficient) and Cohen's index (d) as the standardized size of the effect were reported.[@b53-ppa-12-443]--[@b56-ppa-12-443] Mixed regression assumptions (including the assumption that residuals are normally distributed and homoscedastic) were checked using quantile comparison and residual diagnostic plots. The goodness-of-fit of the linear mixed models (LMMs) was assessed using the conditional R^2^ index.[@b57-ppa-12-443]

All the analyses were carried out using the statistical software program R 3.3.1, with the "lme4", "car", "lsmeans", and "effects" packages. We performed mixed model ANOVA tables (type 3 tests) via likelihood ratio tests implemented in the "afex" package.

Results
=======

A series of analyses were conducted to assess whether changes in the participants' perception of being healthy versus ill (health axis, H), at low versus high risk (risk axis, R), and feeling slightly versus maximally committed to the treatment (treatment axis, T) occurred when information was provided with or without reference to opposites.

General analysis
----------------

First, we studied whether and how the rating given by participants depended on the variables used in the study, that is, type of communication (BIP, UNI), the axes used for evaluating the information provided (H, R, T) and the configuration type (3-, 4-item configurations). A linear mixed model (Gaussian family) was carried out on the ratings given by participants to the entire set of items presented in the questionnaires, with type of communication, axes, and configuration type as fixed effects and participants as random effects. The assumptions of mixed regression models were verified ([Figure 2](#f2-ppa-12-443){ref-type="fig"}). The conditional R^2^ index was equal to 0.34.

Various significant effects emerged ([Figure 3](#f3-ppa-12-443){ref-type="fig"}). The main effect of axes (*χ*^2^~(2,\ N=470)~ =610.1556, *p*\<0.0001; [Figure 3A](#f3-ppa-12-443){ref-type="fig"}) suggested that the items elicited in general higher ratings on the axis relating to commitment to the treatment than on the other two axes.

The interaction between axes and configuration type (*χ*^2^~(2,\ N=470)~ =51.5146, *p*\<0.0001, [Figure 3B](#f3-ppa-12-443){ref-type="fig"}) revealed that for items with a 3-item configuration structure, the ratings in terms of risk and health did not differ (~3~R-~3~H: EST =0.053, SE =0.324, t-ratio =0.166, *p*=1.000, d=0.007; ~3~T-~3~H: EST =5.876, SE =0.324, t-ratio =18.132, *p*\<0.0001, d=0.836; ~3~T-~3~R: EST =5.822, SE =0.324, t-ratio =17.966, *p*\<0.0001, d=0.828), whereas in the 4-item configuration, structure ratings related to risk were higher than those given in the health axis (~4~R-~4~H: EST =1.238, SE =0.313, t-ratio =3.957, *p*\<0.001, d=0.200; ~4~T-~4~H: EST =3.987, SE =0.313, t-ratio =12.735, *p*\<0.0001, d=0.587; ~4~T-~4~R: EST =2.748, SE =0.313, t-ratio =8.777, *p*\<0.0001, d=0.405).

Significantly (in terms of the hypothesis underlying this study), a main effect of type of communication also emerged (*χ*^2^~(1,\ N=470)~ =11.089, *p*=0.0008, [Figure 3C](#f3-ppa-12-443){ref-type="fig"}) suggesting that BIP ratings were higher than UNI ratings. However, there was a significant interaction between type of communication and configuration type (*χ*^2^~(1,\ N=470)~ =323.025, *p*\<0.0001), and this indicated that in the case of 4-item configurations, BIP communication was specifically associated with higher ratings than UNI communication (4-item: BIP vs UNI = EST =6.794, SE =1.096, t-ratio =6.198, *p*\<0.0001, d=0.290) whereas with 3-item configurations no overall difference emerged ([Figure 3D](#f3-ppa-12-443){ref-type="fig"}).

This initial analysis provided first indications that the ratings varied depending on whether a BIP or UNI communication type was used, but it also showed that the effect was modulated by the configuration type used. Further in-depth analyses were thus carried out separately on the subset of items characterized by a 4-item configuration and on the subset of items characterized by a 3-item configuration.

Analysis of the 4-item configuration type
-----------------------------------------

By analyzing the responses to 4-item configurations, it was possible to test, first, whether information relating to the positive pole of a dimension elicited (as expected) a different perception in terms of health, risk, and commitment as compared to information relating to the negative pole of a dimension, and second, whether this depended on how the information was communicated, that is, by means of opposite terms (BIP) or without opposite terms (UNI). The ratings given to the 4-item configuration subset were analyzed using a linear mixed model (Gaussian family) with type of communication (UNI, BIP), axes (H, R, T), and type of information (positive, negative) as fixed effects and participants as random effect (conditional-R[@b2-ppa-12-443] index =0.39).

Two main effects emerged, while none of the interactions turned out to be significant. The first main effect concerns type of information (*χ*^2^~(1,\ N=470)~ =2,233.665, *p*\<0.0001; [Figure 4A](#f4-ppa-12-443){ref-type="fig"}), and this is, in a sense, an obvious result. The items that comprised negative news (ie, those which referred to the negative pole) led to higher ratings -- a perception of greater risk, a more serious illness and a greater degree of commitment -- than those which related to positive news (ie, those which referred to the positive pole).

The second main effect is less obvious and is more central to the hypothesis being tested in this study. The ratings differed depending on the type of communication used (*χ*^2^~(1,\ N=470)~ =38.097, *p*\<0.0001). When polarized information was communicated by means of opposite terms (BIP), this led in general to higher ratings. This was true when information pertaining to both the positive and negative poles was concerned, as shown in [Figure 4B](#f4-ppa-12-443){ref-type="fig"}. Indeed, the interaction between type of communication and type of information did not turn out to be significant: (*χ*^2^~(1,\ N=470)~ =0.166, *p*=0.683).

A new analysis was conducted to further explore the differences between the two types of communication (BIP vs UNI). They were analyzed in more detail, and the ratings given to the corresponding BIP and UNI versions (ie, UNI positive pole vs BIP positive pole; UNI negative pole vs BIP negative pole) were matched item by item. This was done using Student's *t*-test after assessing the normality of distributions by means of Shapiro's test and the homogeneity/nonhomogeneity of variance by means of Levene's parametric and Kruskal--Wallis's non-parametric test. The outcomes of the tests were used to create a new categorical variable (items matching) on three levels: BIP\>UNI (when the Student's *t*-test turned out to be significant, with the UNI version receiving a significantly lower rating than the BIP version), BIP\<UNI (when the Student's *t*-test turned out to be significant, with the UNI version receiving a significantly higher rating than the BIP version), UNI=BIP (when the Student's *t*-test turned out to be not significant, indicating that the two versions produced similar ratings). Mosaic plots[@b58-ppa-12-443],[@b59-ppa-12-443] were used to study and represent the frequency of the three categories of item matching (BIP\>UNI, BIP=UNI, BIP\<UNI), in association with the type of information (positive, negative) and axes (H, R, T) ([Figure 5](#f5-ppa-12-443){ref-type="fig"}). A mosaic plot represents 1) the observed frequencies of a contingency table by means of the size of the tiles -- in [Figure 5](#f5-ppa-12-443){ref-type="fig"}, the raw frequencies are also reported by numbers on the tiles; 2) the interaction between variables by means of the asymmetrical non-alignment of the tiles; and 3) the significance of the difference between observed and expected frequencies according to a specific model (in our case a log-linear model of independence between variables) by means of the color of the tiles. The color of the tiles corresponds to Pearson residuals and the bars to the right of each mosaic show which color corresponds to residuals greater than the cutoff point \|2\| (corresponding to a *p*\<0.05).

As the size of the tiles in [Figure 5](#f5-ppa-12-443){ref-type="fig"} clearly reveals, in only very few cases (namely, in 11 out of the 60 matches considered, ie, 18%) did the BIP and UNI versions of the corresponding items have similar ratings (BIP=UNI). In the remaining 82% of matches (ie, 49 out of 60), "corresponding" polarized information produced different ratings. As indicated by the largest tiles in the mosaic, this generally meant that information communicated using opposites led to higher ratings than the "corresponding" unipolar version (ie, BIP\>UNI). This finding emerged both when the positive pole (p in [Figure 5](#f5-ppa-12-443){ref-type="fig"}) and the negative pole (n in [Figure 5](#f5-ppa-12-443){ref-type="fig"}) were concerned. However, as the significant Pearson's residuals indicate, this was even more true in the case of "bad news", where in fact BIP\>UNI in 70% of the matches analyzed (ie, 21 out of 30). For example, "survival ratings associated with this tumor are low" prompted higher ratings in terms of H, R, or T than "survival ratings associated with this tumor are 30%". Similarly, "the probability of side effects associated with the treatment are high" produced higher ratings than "the probability of side effects associated with the treatment is 1 out in a hundred", and "The side effects related to the treatment for this disease usually have an immediate onset" had higher ratings than "The side effects related to the treatment for this disease usually appear 1 day after the treatment".

Also in the case of "positive news", items in which opposites were used frequently rated higher than the unipolar equivalent, as indicated by the size of the tiles (BIP\>UNI =53%, ie, 16 out of the 30 total item matches). However, the frequency of cases in which the ratings did not differ (BIP=UNI) increased for at least two of the axes, as indicated by the significant Pearson's residuals (BIP=UNI: 26% of the total number of matched items). For instance, "the probability of side effects associated with the treatment are low" got higher ratings in terms of H, R, or T than "the probability of side effects associated with the treatment is 1 in a hundred thousand". Similarly, "The treatment has high efficacy" got higher ratings than "The treatment has 70% efficacy", whereas "Survival rates associated with this tumor are high" elicited a similar rating to "Survival rates associated with this tumor are 70%".

Analysis of the 3-item configuration type
-----------------------------------------

Investigating the "correspondence" between BIP and UNI ratings in 3-item configurations enabled us to assess people's understanding when the information given consists of opposites as compared to information which is not unbalanced toward one or the other pole (which we will refer to with the expression "non-polarized"). If non-polarized information is in effect understood as in between the poles, then the ratings to the UNI version are expected to be in-between those received by the two BIP version. If the non-polarized information is understood in terms of one or the other pole, then the ratings are expected to be similar to one of the two BIP versions, either the positive or the negative pole. If the non-polarized information is understood as more extreme than one or the other pole, then the ratings should be either higher or lower than both poles.

In order to study how the ratings varied for the three levels of communication/information studied (BIP positive, BIP negative, and UNI non-polarized), we first conducted a linear mixed model (Gaussian family) on the ratings given to the 3-item configuration subset. Type of communication/information turned out to be significant (*χ*^2^~(2,\ N=470)~ =1,947, *p*\<0.0001; conditional-R[@b2-ppa-12-443] index =0.49). As shown in [Figure 6](#f6-ppa-12-443){ref-type="fig"} and confirmed by post hoc tests, the ratings given for the non-polarized version were overall at an intermediate point between the two BIP versions, that is, lower than the average ratings associated with BIP negative (EST =−6.523, SE =1.15, t-ratio =5.672; *p*\<0.0001; d=0.516) and higher than the average ratings associated with BIP positive (EST =6.160, SE =1.15, t-ratio =5.356; *p*\<0.0001; d=0.487).

Also in this case, it was possible to look more in detail at the relationship between the various communication types by matching the ratings given to the corresponding BIP and UNI versions item by item. Each rating given to a UNI item was matched with two BIP ratings, which corresponded, respectively, to the BIP positive (p) and BIP negative (n) items. We applied the same procedure described in the previous section, that is, we matched the ratings using Student's *t*-test and then used the outcomes of the tests to create a new categorical variable (item matching) which in this case had seven levels, corresponding to the seven combinations found (BIPn, BIPp\<UNI; BIPn, BIPp=UNI; UNI\<BIPn, BIPp; BIPp\<UNI\<BIPn; BIPp\<UNI=BIPn; BIPp=UNI\<BIPn; BIPp=UNI\>BIPn). The frequency of these seven combinations in the three axes was then analyzed by means of the mosaic plot represented in [Figure 7](#f7-ppa-12-443){ref-type="fig"}. As the color of the plot indicates, there was no significant interaction between the seven categories of item matching and the three axes. The size of the tiles reveals that there were two more frequent categories. One refers to the case in which the UNI version was in effect associated with an intermediate rating as compared to when the same information was given in terms of the BIP type communication referring to positive or negative poles (indicated by BIPp\<UNI\<BIPn in [Figure 7](#f7-ppa-12-443){ref-type="fig"}). This condition in-between the two opposites was found in 33.3% of the total number of matched items analyzed (ie, 14 out of 42). For example, a statement such as "the medical tests have revealed the presence of a nodule" led to significantly higher ratings than "the medical tests have revealed the presence of a benign nodule", but lower ratings than "the medical tests have revealed the presence of a malignant nodule".

Except for only seven cases (16%) in which the UNI version led to lower or higher ratings than both of the BIP versions (indicated by BIPn, BIPp\<UNI and UNI\<BIPn, BIPp in [Figure 7](#f7-ppa-12-443){ref-type="fig"}), in all other cases the participants reacted to the non-polarized UNI version in the same way as when the information was given in terms of one or the other pole, which in the majority of cases was the positive pole. The second most frequent category (ie, 26% of the total number of matches analyzed) refers to 11 cases in which the UNI version was understood as "positive news" (indicated by BIPp=UNI\<BIPn in [Figure 7](#f7-ppa-12-443){ref-type="fig"}). This means that, for example, the statement "This is a possible treatment" elicited ratings which were similar to those relating to the statement "This treatment is recommended", and both the ratings were lower than those elicited by the statement "This treatment is necessary". In the same way, the ratings for "Once the treatment is completed some people need assistance from a third party (family or other)" were similar to those for "Once the treatment is completed, no assistance is needed from a third party (family or other)". The statement "Once the treatment is completed, there is need of assistance from a third party (family or other)" was rated higher.

Self-reported comprehension and satisfaction with the communication
-------------------------------------------------------------------

Two separate LMMs (Gaussian family), with type of communication (UNI, BIP) and gender (male, female) as fixed effects and participants as a random effect, were conducted to analyze the final ratings for comprehension of the information communicated and satisfaction with the way it was communicated, as expressed by the participants at the end of the questionnaire (the conditional-R[@b2-ppa-12-443] index of the model was 0.94 for comprehension and 0.92 for satisfaction). For both judgments, a significant effect of type of communication emerged (with no difference for males and females). As shown in [Figure 8](#f8-ppa-12-443){ref-type="fig"}, the participants reported higher average ratings for comprehension with the bipolar as compared to the UNI form of communication (*χ*^2^~(1,\ N=470)~ =49.929, *p*\<0.0001, EST =13.883, d=0.582). The same hold for self-reported level of satisfaction (*χ*^2^~(1,\ N=470)~ =66.658, *p*\<0.0001, EST =16.902, d=0.700). A strong positive correlation between ratings of comprehension and ratings of satisfaction emerged in both the questionnaires (UNI: r=0.81; BIP: r=0.79).

Final remarks
=============

In a worldwide survey on cancer patients, around 40% of those surveyed desired more knowledge and involvement concerning decision making.[@b60-ppa-12-443] The informed consent form is a crucial document in that it enables patients to make an informed decision.[@b61-ppa-12-443] Providing accurate information does not suffice if it is provided in a language that people do not understand. A plethora of previous studies have demonstrated that a large number of people did not fully understand the basic information regarding clinical trials[@b6-ppa-12-443],[@b7-ppa-12-443],[@b16-ppa-12-443],[@b62-ppa-12-443] and that those with a lower standard of literacy were particularly exposed to the risk of poor comprehension.[@b9-ppa-12-443],[@b63-ppa-12-443] The findings presented in this paper add to previous studies that confirmed positive effects in terms of the degree of comprehension due to simplifying the informed consent form.[@b10-ppa-12-443],[@b18-ppa-12-443],[@b64-ppa-12-443]--[@b68-ppa-12-443] In the present study, however, instead of simplifying the form in terms of reducing its length, using plain language and short sentences, providing diagrams and pictures and making use of formatting techniques (such as a bold font, highlighting, and bullet points), we focused on whether opposites can play a role. In particular, we explored how communicating in terms of opposites (in the context of information relating to informed consent for oncology trials) rather than avoiding polarization (3-item configuration) or masking polarization (3-item configuration) impacts on people's understanding and their perception of being healthy--ill, at low--high risk, and of the high--low commitment required to undergo any treatment necessary.

The results demonstrated, in general, that the ratings given by participants depended on which of the two forms of communication types was used. First, when polarized information was concerned (ie, items with a 4-item configuration), speaking in terms of opposites led to higher ratings, both when "bad" and "good" news was given. Taking into account the fact that positive poles in any case concerned the existence of a disease, active commitment and perception of a certain amount of illness and risk are important. The ratings associated with the positive pole expressed in BIP terms were however moderate and in any case lower than those associated with the negative pole, however, the latter was expressed. This confirms that we should interpret this higher rating associated with the BIP version not in terms of an exaggerated reaction, but rather of a positive activation.

Second, in the case of the 3-item configuration, when non-polarized information was provided, the UNI version was not univocally interpreted. Sometimes it led to an intermediate rating such as when the information given was in between bad and good news and sometimes it was understood as pertaining to one of the two poles, which in the majority of cases was the "positive pole". One can think of this result in terms of a bias toward an optimistic interpretation of non-polarized information, but it might also indicate a bias toward underestimation of the severity of the disease.

Lastly, a difference emerged in terms of the participants' self-reported impression of whether they understood the information provided and whether they were satisfied with the form of communication used. Their impressions in both the cases were more favorable for the BIP communication type as compared to the UNI version. It should be noted that in both the versions of the questionnaire (UNI and BIP), the statements were expressed in simple everyday language which avoided technical terms. Therefore, the difference that was found has nothing to do with the participants finding it difficult to understand the language used. It seems to suggest rather that a better isomorphism was found between the way in which the information was presented in the bipolar version and the way in which it was processed (ie, understood) by the listener. Of course, we are well aware that these results do not mean that the idea the patient gets of the gravity of the situation and of the commitment required by the treatment (subjective comprehension) is closer to what the doctor is trying to convey (objective understanding). A different study would be necessary to test this by collecting ratings from a sample of doctors in addition to a sample of patients. However, since encouraging patients to take care of their health is an important aim for a doctor and the patient's understanding is important in order for he/she to be actively engaged in the process,[@b14-ppa-12-443] the results of this study represent an important starting point.

Other limitations of our study are that 1) our participants were adults (either young or middle aged) in a simulated context and not real patients (of various ages) in a real diagnostic context; using students as a sample and simulating cases of course limit extrapolation to actual clinical contexts; 2) our participants were Italian, and it cannot be excluded that patient preferences and understanding in other countries might be different; 3) individual differences and contextual differences (relating to the family of the patient and to various social aspects) are inevitable components of the complex story relating to coping with a real disease. Further studies are therefore needed which extend the investigation cross-linguistically and use real clinical settings. However, the aim of this study was to explore the hypothesis that another reasonable aspect to consider in terms of how to encourage active decision making and improve communication and comprehension of information relating to informed consent in medical contexts is linked to the cognitive and linguistic primacy of opposites in natural languages[@b35-ppa-12-443],[@b39-ppa-12-443]--[@b42-ppa-12-443] as well as in human perception and conceptualization.[@b28-ppa-12-443],[@b31-ppa-12-443],[@b33-ppa-12-443] We consider the findings collected in this initial study (with all the abovementioned limitations) to be encouraging.

Supplementary material
======================

###### 

Bipolar and unipolar items used in the study in English with Italian translation in square brackets

  Type   Items
  ------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  BIP    Medical tests have shown the presence of a small nodule \[Le analisi hanno rivelato la presenza di un piccolo nodulo\]
  BIP    Medical tests have shown the presence of a large nodule \[Le analisi hanno rivelato la presenza di un grosso nodulo\]
  BIP    Medical tests have revealed the existence of a benign nodule \[Le analisi hanno rivelato la presenza di un nodulo benigno\]
  BIP    Medical tests have revealed the existence of a malignant nodule \[Le analisi hanno rivelato la presenza di un nodulo maligno\]
  BIP    The MRI scan has revealed some nodules localized in a circumscribed region of your body \[La risonanza magnetica ha rivelato la presenza di alcuni noduli localizzati in una zona circoscritta del tuo corpo\]
  BIP    The MRI scan has revealed some nodules in various regions of your body \[La risonanza magnetica ha rivelato la presenza di alcuni noduli diffusi in varie zone del tuo corpo\]
  BIP    This type of tumor is common \[Questo tipo di tumore è comune\]
  BIP    This type of tumor is rare \[Questo tipo di tumore è raro\]
  BIP    This tumor is easy to treat \[Questo tumore è facilmente curabile\]
  BIP    This tumor is hard to treat \[Questo tumore è difficilmente curabile\]
  BIP    This type of tumor has a slow progression and takes a long time before it becomes serious enough to cause death \[Questo tumore ha una progressione lenta (impiega molto tempo a diventare così grave da condurre alla morte)\]
  BIP    This type of tumor has a quick progression and takes very little time to become serious enough to cause death \[Questo tumore ha una progressione veloce (impiega poco tempo a diventare così grave da condurre alla morte)\]
  BIP    This tumor is always linked to a genetic predisposition \[Questo tumore è sempre connesso con una predisposizione genetica\]
  BIP    This tumor is never linked to a genetic predisposition \[Questo tumore non è mai connesso con una predisposizione genetica\]
  BIP    This tumor is associated with high survival rates \[Questo tumore è associato ad alti tassi di sopravvivenza\]
  BIP    This tumor is associated with low survival rates \[Questo tumore è associato a bassi tassi di sopravvivenza\]
  BIP    This treatment will cure this tumor; ie, it will eliminate all of the tumor cells \[Questo trattamento curerà il tumore, vale a dire che eliminerà tutte le cellule tumorali\]
  BIP    This treatment is palliative in nature; ie, it eliminates the symptoms associated with the tumor \[Questo trattamento è palliativo, vale a dire che eliminerà i sintomi associati al tumore\]
  BIP    This treatment has high efficacy \[Questo trattamento ha un'alta efficacia\]
  BIP    This treatment has low efficacy \[Questo trattamento ha una bassa efficacia\]
  BIP    This treatment is necessary \[Questo trattamento è necessario\]
  BIP    This treatment is advisable \[Questo trattamento è consigliabile\]
  BIP    The standard treatment for this tumor has minor adverse side effects \[Il trattamento per questo tumore hai dei lievi effetti collaterali\]
  BIP    The standard treatment for this tumor has severe adverse side effects \[Il trattamento per questo tumore ha dei seri effetti collaterali\]
  BIP    The probability of adverse side effects linked to the treatment is very low \[La probabilità di effetti collaterali associati al trattamento per questo tumore è molto bassa\]
  BIP    The probability of adverse side effects linked to the treatment is very high \[La probabilità di effetti collaterali associati al trattamento per questo tumore è molto alta\]
  BIP    The adverse side effects related to the standard treatment for this tumor have an immediate onset \[Gli effetti collaterali associati al trattamento per questo tumore hanno un'insorgenza immediata\]
  BIP    The adverse side effects related to the standard treatment for this tumor have a delayed onset \[Gli effetti collaterali associati al trattamento per questo tumore hanno un'insorgenza ritardata nel tempo\]
  BIP    The adverse side effects related to the standard treatment are temporary \[Gli effetti collaterali associati al trattamento per questo tumore sono temporanei\]
  BIP    The adverse side effects related to the standard treatment are permanent \[Gli effetti collaterali associati al trattamento per questo tumore sono permanenti\]
  BIP    This treatment requires a short period of time to complete \[Il trattamento ha una durata breve\]
  BIP    This treatment requires a long period of time to complete \[Il trattamento ha una durata lunga\]
  BIP    This treatment is administered in a single cycle \[Il trattamento prevede un unico ciclo di somministrazione\]
  BIP    This treatment is administered over many cycles \[Il trattamento prevede molti cicli di somministrazione\]
  BIP    This treatment is administered on an outpatient basis \[Il trattamento è somministrato in day hospital\]
  BIP    This treatment is administered on an inpatient basis \[Il trattamento prevede ricovero e degenza in ospedale\]
  BIP    During treatment, you can live by yourself, you will not need assistance \[Durante il trattamento puoi gestirti autonomamente, non avrai bisogno di assistenza\]
  BIP    During treatment, you will need assistance \[Durante il trattamento avrai bisogno di assistenza\]
  BIP    Once the whole treatment cycle is completed, you can live by yourself, you will not need assistance \[Una volta che il trattamento è completato, potrai gestirti autonomamente, non avrai bisogno di assistenza\]
  BIP    Once the whole treatment cycle is completed, you will need assistance \[Una volta che il trattamento è completato, avrai bisogno di assistenza\]
  BIP    During treatment, your lifestyle will remain identical to what it was before treatment \[Durante il trattamento il tuo stile di vita non subirà cambiamenti (rimarrà identico a com'era prima del trattamento)\]
  BIP    During treatment, your lifestyle will differ from what it was before the treatment \[Durante il trattamento il tuo stile di vita subirà dei cambiamenti (non potrà più essere com'era prima del trattamento)\]
  BIP    After treatment is completed, your lifestyle will go back to what it was prior to the disease \[Dopo il trattamento il tuo stile di vita tornerà identico a com'era prima della malattia\]
  BIP    After treatment is completed, your lifestyle will change from what it was prior to the disease \[Dopo il trattamento il tuo stile di vita subirà dei cambiamenti rispetto a com'era prima della malattia\]
  BIP    The treatment does not impact on your ability to work (ie, during the treatment phase, you can keep working) \[Il trattamento, mentre lo fai, non avrà ripercussioni sulla tua possibilità di lavorare (durante il trattamento potrai continuare ad andare al lavoro)\]
  BIP    The treatment impacts on your ability to work (ie, during the treatment phase, you cannot go to work) \[Il trattamento, mentre lo fai, avrà ripercussioni sulla tua possibilità di lavorare (durante il trattamento non potrai andare a lavorare)\]
  BIP    Once the entire treatment cycle is completed, the treatment will have no impact on your ability to work (you can return to work as you did before the disease) \[Una volta che l'intero ciclo di trattamento è finito, non avrai ripercussioni sulla tua attività lavorativa (potrai tornare a lavorare come prima della malattia)\]
  BIP    Once the entire treatment cycle is completed, the treatment will have an impact on your ability to work (you will not be able to return to work) \[Una volta che l'intero ciclo di trattamento è finito, avrai ripercussioni sulla tua attività lavorativa (non potrai tornare a lavorare come prima della malattia)\]
  UNI    Medical tests have shown the presence of a 0.5 inch long nodule (1.3 cm) \[Le analisi hanno rivelato la presenza di un nodulo di 1.3 cm\]
  UNI    Medical tests have shown the presence of a three inch long nodule (7.6 cm) \[Le analisi hanno rivelato la presenza di un nodulo di 7.6 cm\]
  UNI    Medical tests demonstrated the existence of a nodule \[Le analisi hanno rivelato la presenza di un nodulo\]
  UNI    The MRI scan has revealed some nodules in your body \[La risonanza magnetica ha rivelato la presenza di alcuni noduli nel tuo corpo\]
  UNI    This tumor affects 1 in a thousand people \[Questo tipo di tumore colpisce 1 persona su 1,000\]
  UNI    This tumor affects 1 in a million people \[Questo tipo di tumore colpisce 1 persona su 1,000,000\]
  UNI    This tumor is curable in 10% of all cases \[Questo tumore è curabile nel 10% dei casi\]
  UNI    This tumor is curable in 80% of all cases \[Questo tumore è curabile nell' 80% dei casi\]
  UNI    This type of tumor usually leads to death within 2 years of the time of diagnosis \[Questo tumore generalmente conduce alla morte in 2 anni dalla diagnosi\]
  UNI    This type of tumor usually leads to death within 10 years of diagnosis \[Questo tumore generalmente conduce alla morte in 10 anni dalla diagnosi\]
  UNI    This tumor is determined by a specific genetic predisposition in 5 out of 5 cases \[Questo tumore ha una predisposizione genetica in 5 casi su 5\]
  UNI    This tumor is determined by a specific genetic predisposition in 0 out of 5 cases \[Questo tumore ha una predisposizione genetica in O casi su 5\]
  UNI    This tumor has a 70% survival rate \[Questo tumore ha un tasso di sopravvivenza del 70%\]
  UNI    This tumor has a 30% survival rate \[Questo tumore ha un tasso di sopravvivenza del 30%\]
  UNI    This treatment will be of some help with this tumor \[Questo trattamento sarà di qualche aiuto in questa situazione\]
  UNI    This treatment has 70% efficacy rate \[Questo trattamento ha un'efficacia del 70%\]
  UNI    This treatment has 30% efficacy rate \[Questo trattamento ha un'efficacia del 30%\]
  UNI    This is a possible course of treatment \[Questo è un possibile trattamento\]
  UNI    The standard treatment for this tumor has adverse side effects \[Il trattamento per questo tumore ha degli effetti collaterali\]
  UNI    The probability of adverse side effects relating to the treatment is 1 in 100,000 \[La probabilità di effetti collaterali associati al trattamento per questo tumore è di 1 su 100,000\]
  UNI    The probability of adverse side effects relating to the treatment is 1 in 100 \[La probabilità di effetti collaterali associati al trattamento per questo tumore è di 1 su 100\]
  UNI    The adverse side effects related to the standard treatment for this tumor usually appear 1 day after treatment \[Gli effetti collaterali associati al trattamento per questo tumore generalmente appaiono un giorno dopo il trattamento\]
  UNI    The adverse side effects related to the standard treatment for this tumor usually appear years after treatment \[Gli effetti collaterali associati al trattamento per questo tumore generalmente appaiono diversi anni dopo il trattamento\]
  UNI    The duration of the adverse side effects related to the standard treatment varies over time \[Gli effetti collaterali associati al trattamento per questo tumore hanno una durata variabile nel tempo\]
  UNI    This treatment takes 15 days to complete \[Il trattamento si completa in 15 giorni\]
  UNI    This treatment takes 1 year to complete \[Il trattamento si completa in 1 anno\]
  UNI    This treatment is administered in cycles \[Il trattamento è somministrato in cicli\]
  UNI    This treatment is administered in a medical facility \[Il trattamento è somministrato in una struttura ospedaliera\]
  UNI    During treatment, assistance might or might not be required \[Durante il trattamento qualcuno ha, qualcun altro non ha bisogno di assistenza\]
  UNI    Once the whole treatment cycle is completed, assistance might or might not be required \[Una volta che il trattamento è completato qualcuno ha, qualcun altro non ha bisogno di assistenza\]
  UNI    During treatment, your lifestyle might or might not be affected \[Durante il trattamento il tuo stile di vita potrebbe subire dei cambiamenti (qualcuno riesce a fare la vita che faceva prima, qualche altro no)\]
  UNI    After treatment is completed, your lifestyle might or might not change from what it was prior to the disease \[Dopo il trattamento il tuo stile di vita potrebbe subire dei cambiamenti rispetto a com'era prima della malattia (qualcuno riesce a fare la vita che faceva prima, qualche altro no)\]
  UNI    The treatment might or not impact on your ability to work (during the treatment phase) \[Il trattamento, mentre lo fai, potrebbe influire sulla tua possibilità di andare a lavorare (qualcuno durante il trattamento non riesce ad andare a lavorare, qualcuno invece sì)\]
  UNI    Once the entire treatment cycle is completed, the treatment might or not impact on your ability to work... \[Una volta che l'intero ciclo di trattamento è finito, potresti avere (ma anche no) ripercussioni sulla tua attività lavorativa (qualcuno non riesce ad tornare a lavorare come prima, qualcuno invece sì)\]

**Abbreviations:** BIP, bipolar; MRI, magnetic resonance imaging; UNI, unipolar.
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![The two types of "correspondence" between unipolar and bipolar communication: the 4-item configuration (**A**) and the 3-item configuration (**B**). When opposites are used, one relates to the positive pole (+), the other to the negative pole (−).\
**Abbreviations:** UNI, unipolar; BIP, bipolar.](ppa-12-443Fig1){#f1-ppa-12-443}

![Diagnostic plots used for testing the mixed regression assumptions concerning the analysis of the ratings (linear mixed model) as described in the main text.](ppa-12-443Fig2){#f2-ppa-12-443}

![Effects of axes (H, R and T) and type of communication (BIP; UNI) on the ratings. The main effects are reported in (**A** and **C**). The interactions of each effect with configuration type (3-item, 4-item configuration) are shown in (**B** and **D**). Error bars represent a 95% confidence interval.\
**Abbreviations:** BIP, bipolar; H, health; R, risk; T, commitment to the treatment; UNI, unipolar.](ppa-12-443Fig3){#f3-ppa-12-443}

![Plot of the main effect of type of information (negative pole, positive pole) on the ratings given by participants (**A**) and the interaction between type of communication (BIP, UNI) and type of information (**B**). Error bars represent a 95% confidence interval.\
**Abbreviations:** BIP, bipolar; UNI, unipolar.](ppa-12-443Fig4){#f4-ppa-12-443}

![Mosaic plot showing the frequency of the three possible outcomes when corresponding items in the BIP and UNI versions of the questionnaire are matched, with 4-item configurations (BIP\>UNI, BIP=UNI, BIP\<UNI). Twenty matches for the ratings given to corresponding items (10 referring to the positive pole, p; and 10 to the negative pole, n) were studied for each axis (H, R and T).\
**Abbreviations:** BIP, bipolar; H, health; R, risk; T, commitment to the treatment; UNI, unipolar.](ppa-12-443Fig5){#f5-ppa-12-443}

![Plot of the main effect of type of communication/information -- UNI BIPn, and BIPp -- on the ratings given by participants to the items with a 3-item configuration. Error bars represent a 95% confidence interval.\
**Abbreviations:** BIPn, bipolar negative; BIPp, bipolar positive; UNI, unipolar.](ppa-12-443Fig6){#f6-ppa-12-443}

![Mosaic plot showing the frequency of the seven outcomes of the matching between corresponding items in the BIP and UNI polar versions of the questionnaire, with 3-item configurations. Fourteen matches were studied for each axis (H, R and T).\
**Abbreviations:** BIP, bipolar; BIPn, bipolar negative; BIPp, bipolar positive; H, health; R, risk; T, commitment to the treatment; UNI, unipolar.](ppa-12-443Fig7){#f7-ppa-12-443}

![Mean ratings (self-reported) for comprehension and satisfaction with the way the information was communicated -- either BIP or UNI. Error bars represent a 95% confidence interval.\
**Abbreviations:** BIP, bipolar; UNI, unipolar.](ppa-12-443Fig8){#f8-ppa-12-443}
